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ABSTRACT 
Noise is a major environmental issue, which gave birth in the last decades to the development of many 
engineering methods dedicated to both its estimation and mitigation. The specificity of the noise pollution 
problem lies in the complexity of human hearing and subjective assessment, and in the high spatiotemporal 
variation and rich spectral content of the noise generated by a wide variety of sources in urban context. 
Indicators that encompass all these dimensions are required for the description of sound environments and for 
the evaluation of noise mitigation strategies. This paper compares usual and more specific indicators, 
dedicated to environmental noise analyses, by means of a literature review. The comparison is based on the 
three following criteria: i) the ability of indicators to describe and physically categorize the urban sound 
environments, ii) the relevance of indicators for describing the perceptive appreciations of urban sound 
environments, iii) the ability of indicators to be estimated through classical or more advanced traffic noise 
estimation models. A discussion compares the pro and cons of the selected indicators in an operational scope. 
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1. INTRODUCTION 
The increasing urbanization accentuates the sound exposure issues, by simultaneously intensifying 
emissions and concentrating populations where sound levels are high. Appropriate indicators are 
required to describe sound environments, and evaluate noise mitigation strategies. The specificity of 
the noise pollution problem lies in the complexity of human hearing and subjective assessment, and in 
the high spatiotemporal variation and rich spectral content of the noise generated by a wide variety of 
sources in urban context. As a consequence, a large variety of indicators has been designed to 
encompass all these dimensions [1-2]. Selecting among these indicators the ones are the most relevant 
in urban context is a necessary work to enhance description and decision making.  
A comparison of noise indicators has been pursued during the implementation of the European 
Directive 2002/49/CE, which led to the proposal of the Lden [3]. The criteria for selecting indicators 
were “validity”, “practical applicability”, “transparency”, “enforceability” and “consistency”. 
However, the criterion of “consistency”, defined as “as little difference as possible in practice”, 
although essential in a legislation context, does not necessarily fulfil research purposes.  Moreover, the 
vision on indicators proposed in [3] mainly focuses on long term evaluations and effects. New 
paradigms for the evaluation of urban sound environments have been introduced since that date. The 
need to develop holistic evaluations of urban places, and to account for the perceptive effects when 
dealing with sound environments, is now receiving an increased attention. Moreover, the noise sources 
modelling saw the birth of new approaches, which open the door to the estimation of more advanced 
indicators that underlie noise levels variations. Finally, the physical description of urban sound 
environments has evolved towards more refined approaches, introducing for example sound 
categorization or sound events characterization.  
This paper proposes a comparison of some existing indicators in this new paradigm context, that is 
based on the three following criteria: i) the ability of indicators to describe and categori ze physically 
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urban sound environments, ii) the relevance of indicators to describe the perceptive appreciations of 
urban sound environments, iii) the ability of the indicators to be estimated through classical or more 
advanced traffic noise estimation models. The comparison relies on both a literature review and an 
analysis of a large database of physical and perceptive measurements collected in Paris, France. A 
discussion compares the pro and cons of the selected indicators in an operational scope.  
2. NOISE INDICATORS AND PHYSICAL CHARACTERIZATION 
The first of the three qualities that should answer noise indicators is their ability to precisely 
describe sound environments, that is: (i) to highlight the specific acoustical properties of a given sound 
environment, (ii) to discriminate efficiently different sound environments.    
2.1 Description of urban sound environments 
The first role of noise indicators is to describe urban sound environments; more specifically, they 
should correlate to a particular characteristic of the sound level and sound spectrum variations found in 
urban environments. The main noise indicators used in that purpose are presented here, classified 
regarding to their descriptive power: 
- A first class of indicators comprises the classical energetic descriptors, such as LAeq or Lden. 
These indicators inform about the total sound level, but they give the same value regardless the 
temporal structure of sound environments. A given indicator value can then correspond to 
sound environments totally different in term of noise variations. Moreover, noise peaks highly 
affect the LAeq values when they are calculated on too short periods, or in highly eventful 
environments [4]. 
- Percentile descriptors describe one point of the LAeq,1s distribution, and thus they mainly 
describe the dynamic range of the sound level. For example, the L10 measures the peaks in the 
noise, and is often used to characterize road traffic noise. Interestingly, the UK CRTN 
(Calculation Road Traffic Noise) method proposes instead of Lden the use of the L10,A,18h, 
which is the arithmetic average of 18 LAeq,1h values from 6:00 to midnight, to present road 
traffic noise exposures [5]. Relations have been proposed to link L10,A,18h and Ln and Lden 
values [6]. However, each statistical descriptor only corresponds to one point of the LAeq,1s 
distribution and thus one descriptor value can also correspond to very different sound 
environments. Moreover, two criticisms can be formulated regarding their aptitude to describe 
sound levels variations: (i) the statistical descriptors fail to characterize the rhythm of sound 
levels variations (slow or fast, regular or irregular, etc.), (ii) this is in consequence often 
difficult to analyse their meaning [7].   
- The “Number of Noise Event” NNE and “Mask Indexes” indicators are often used to describe 
emergences. NNE and MI are defined as the number of events, and the percentage of the time, 
that exceed a given threshold, respectively. The threshold can be a fixed value (i.e., 70 dB) or 
can be set adaptively, e.g. based on a noise indicator (i.e. LAeq+10, L10+10). These indicators 
can be defined to measure either noisy or quiet periods. Thus they are more adapted than the 
previously cited indicators to describe sound levels variations. Nevertheless, each of the NNE 
or MI offers only a partial view of the emergences: the NNE takes the same value regardless 
the duration of events, and the MI takes the same value regardless the number of events.  These 
two indicators can be merged into a map of emergences [8], which nonetheless loses in 
enforceability. However, the calculation of NNE and MI has not been standardized. Different 
algorithms to detect and count noise events within a sound level time history can resul t in 
vastly different values of NNE and MI [9]; the mechanics behind the detection of events has to 
date not been investigated in detail. 
- Indicators dedicated to the noise rhythm have also been recently introduced. Descriptors that 
underline the 1s-scale sound variations (often presented as a descriptor of the sound 
roughness) are introduced in [10], by calculating statistics (average, spreading) on the noise 
differences δLeq,1s between consecutive LAeq,1s values. Noise rhythm is considered in a global 
way in [11], by calculating the slope of the spectral distribution of 1s-sound levels, and 
relating this slope to the musicality of the sound environment.  
- Specific urban noise indicators, adapted to the traffic signals period, are introduced in [12]. 
They consist of a mean noise pattern, level during green and red phases, variations around this 
mean noise pattern at the traffic signal scale. These indicators offer a very precise picture of 
the sound variations, but are dedicated to sound environments with a cadenced rhythm.  
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This overview underlines that no indicator can be considered as bad or good to underline sound 
levels variations, and that no dedicated indicator can fully describe a situation. Instead, each indicator 
offers an angle of view of these sound levels variations, what advocates for the use of a set of 
complementary indicators. 
2.2 Categorization and indicators number reduction 
The last decade viewed the birth of using categorization methods for designing sets of indicators 
that describe all dimensions of the sound environment. These indicators are then used to determine 
homogeneous sound environments, whose number can vary from 3, to 15 or 20, according to the 
corpus of sounds and the statistical methodology used ([13]; [14]; [15]). In [13], both semantical and 
physical indicators are used to categorize sound environments. A discriminative technique underlines 
14 indicators that efficiently describe sound environments, namely the Crest Factor (CF),  defined as 
the ratio between the maximum sound pressure and the root-mean-square value of the sound pressure 
[16], the frequency indicators Leq,25Hz, Leq,31.5Hz, Leq,125Hz, Leq,500Hz, Leq,630Hz, Leq,800Hz, Leq,5kHz, Leq,10kHz, 
Leq,16kHz and Leq,20kHz, statistical indicators L1,A and LAImin (minimum A-weighted sound-pressure level 
with an impulse response), and the LAeq. Among these indicators, the study reveals that the CF and the 
Leq,125Hz had the greatest impact on the differentiation of the soundscape typologies. However, the CF 
seems to not result in repeatable measurements, since it is based on maximum levels, which are known 
to be very random. The number of relevant indicators is reduced to three in [15] based on a clustering 
algorithm, mainly because the frequency indicators are “summarized” in to the Spectrum Gravity Centrum 
SGC (which however didn’t emerge in the relevant indicators in [13]). The three selected indicators are 
then the L50,A, the standard deviation of the LAeq,1s values σLAeq,1s, and the SGC. This selection is extended 
in [8], where the selection of indicators adapts to the spatial scale of interest. To “zoom” on sound events 
indicators, the same procedure selects three indicators, namely the L1,A, the MILA50+10 and the MILLF50+15. To 
“zoom” one step further, a “map of emergences” offers the most precise description. Event indicators also 
prove useful for describing sound environments in [17] (NNEL>Lα, MMIL>Lα).  
Finally, more specifically, indicators calculated at the traffic signal temporal rhythm were used in [7] to 
underline the difference in sound environments between road traffic situations (upstream and downstream 
of traffic signals, vicinity of bus stops, etc.), such as the mean noise level during green or red phases, or the 
number of cycles when sound levels does not fall under a given threshold.  
All these approaches rely on the existence of redundant information (high correlations) between 
indicators to diminish the number of used indicators. These categorization works cannot be read as a 
selection of the indicators that should be imperatively used, they only inform on which indicators are 
meaningless to use conjointly because of a very high correlation between them.   
3. NOISE INDICATORS AND PERCEPTIVE EVALUATION 
The Lden is commonly recommended by legislation to assess urban sound environments. However, 
although energetic indicators are known to show good correlations with long term annoyance (which 
does not mean that other indicators do not), their deficiency for evaluating perceptively urban sound 
environments have been pointed out in several studies. Energetic indicators cannot solely explain all 
the sound pleasantness variance; in addition they fail in evaluating fluctuating sounds, which are very 
common in urban areas and negatively impact noise annoyance [18; 19]. In particular, noise peaks 
should receive increased attention [20]. The spectral dimension is also of importance: the presence of 
low frequency noise increases annoyance [21], as does the presence of tonal components [22]. 
Moreover, the relation between Leq and sound pleasantness is far from linear; it is shown in [23] that if 
high Leq values are associated with unpleasantness, low Leq values can correspond to both pleasant and 
unpleasant perceptions, depending on the sound sources characteristics. Then it is not surprising that 
LAeq is often not the best found indicator to estimate sound pleasantness: LA50 and N10 outperform LAeq 
in [24] and [25], respectively. Finally, the A-weighting does not fulfil perceptive requirements, and Leq 
is often more relevant than LAeq in this context [23].  
Based on the finding that energetic indicators are avoiding the perceptive dimensions of sound 
environments, several authors concluded that perceptive noise assessment should rely on more 
qualitative and multidimensional approaches, either for urban [26; 27; 28] or rural soundscapes 
evaluations [29]. Similar to the objective description of sound environments to rely on physical 
descriptors that encompass all the noise dimensions, it has been demonstrated that at least three 
perceptive dimensions, namely the intensity, the noise variations and the noise spectrum, emerge when 
dealing with urban sound environment assessments [30], thus involving a wider range of indicators.    
Models have been proposed in the last decade to link sound pleasantness with physical indicators, 
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based on linear regressions [31], Principal Component Analyses [32; 25] or neural networks [24]. 
They inform on which indicators are relevant in a perceptive assessment perspective. Then, 
multidimensional sound pleasantness assessment often point L50, SGC and σLAeq,1s or L10-L90 as 
complementary descriptors [24,30]. However, the σLAeq,1s is often poorly correlated to sound 
pleasantness [25,34]. In addition, specific psychoacoustic indicators such as Fluctuation strength [52] 
or the number of events [27] can explain the eventfulness of a soundscape. This affective quality is an 
independent dimension compared to the pleasantness dimension [25]. The Sharpness, generally well 
correlated with the SGC, characterizes the presence of fountains for [14], but does not succeed to 
discriminate the different type of fountains for [52].   
In parallel, some studies showed that sound pleasantness can advantageously be related to the 
perceived sound sources: high correlations with technological or natural sounds are observed in [28; 
25], and the time of presence of road traffic, birds and voices appear in [31]. Their estimation through 
physical parameters is required to assess sound pleasantness based on physical indicators. Such 
indicators intervene in the modelling proposed in [34]: variables linked to the presence of road traffic 
can be approximated by L50 the between 63 and 250 Hz, while the time of presence of birds and voices 
can be approximated by the Time and Frequency Second Derivatives TFSDmean,4kHz and the 
TFSDmean,500Hz, respectively, which are two indicators specifically proposed for this context, that 
underline the temporal and spectral sound levels variations at a given frequency. These indicators offer 
a dedicated and more focused view on sources spectral representation, than the Spectrum Gravity 
Centrum does.  
Finally, exterior variables, describing the visual amenity or the familiarity of the environment, are 
also known to affect sound pleasantness [24], although they fall out of the scope of acoustical 
indicators.   
4. NOISE INDICATORS AND NOISE MITIGATION 
The third criterion for noise indicators investigated in this paper is their relevance concerning the 
evaluation of mitigation plans that aim to improve sound environments.  Unfortunately, no actual 
model is able to account for all sound sources to permit a global evaluation and improvement of the 
sound environment. Instead models focus on road traffic, which is the main noise source in urban 
environments. Thus one will focus here on road traffic mitigation plans, which received much 
attention in last years and generate a high demand from decision makers.  
Usual road traffic estimation models, such as CNOSSOS [35], rely on a static description of road 
traffic (mainly traffic volumes and mean flow speeds), coupled with geometric sound propagation 
calculations. This modelling is dedicated to equivalent sound pressure levels assessment, but prevents 
from calculating sound levels variations. As a consequence, they cannot provide an estimate of one of 
the main categories of noise indicators listed in the previous sections, namely sound event indicators. 
Even statistical indicators cannot be estimated, as they would require knowing the L Aeq,1s sound levels 
distribution. Although they show some limitations, static road traffic models are by far the mostly used 
representation, thus one has to keep in mind the difficulty to base the assessment of noise mitigation 
plans on other indicators than LAeq or frequency band-limited energetic indicators. This is problematic 
knowing the drawback of these indicators mentioned in this review. Recent works aimed to relate LAeq 
indicators to more advanced indicators (statistical indicators and TFSD frequency indicators) through 
statistical modelling that depend on the site characteristics [36]; if the study shows the potential of 
such modelling, further investigations will however be required to propose reliable relations.  
Recent advances in sound propagation modelling open the door to the calculation of more advanced 
indicators, and thus to a more refined evaluation of strategies to improve sound environments. 
Temporal sound propagation models, such as geometric models (ray tracing or beam tracing), FDTD 
(Finite Difference Time Domain) or TLM (Transmission Line Matrix), allow the estimation of indices 
up to now dedicated to room acoustics, such as the reverberation time [37]. This allows more 
qualitative analysis, for example in shielded urban areas [38]. However, despite their known high 
relations with perceptive evaluations, indicators such as the reverberation time fail in describing 
globally a sound scene (they rely instead on a noise pulse which is not realistic). Thus they cannot 
stand alone to describe sound environments. Furthermore they are not modified by road traffic 
strategies; thus they should be seen as a complementary indicator that describes the architectural 
characteristics of a scene.     
In parallel, a new generation of road traffic estimation models is being developed since more than 
a decade. They rely on microscopic traffic models that represent the motion of vehicles on the 
INTER-NOISE 2016
5681
  
network: SYMUVIA in [39] and [40]; HUTSIM in [41]; PARAMICS in [42]; DRONE in [43]; 
AVENUE in [44]. Since the traffic model outputs are the position, speed and acceleration of each 
vehicle on the network at each time step (typically 1s), such modelling enables estimating the L Aeq,1s 
time series. One must keep in mind that this LAeq,1s evolution is not the expected output, but the base of 
advanced indicators calculation (as said above, the LAeq,1s evolution is a required intermediary for 
calculating statistical or a emergence indicators). Consequently, indices have been proposed to reflect 
urban traffic noise dynamics: 
 The indicators that describe noise fluctuations at the traffic cycle scale have been 
introduced in [7] and [12]. Some indicators highlight the two modes of the noise 
distribution observed in the vicinity of traffic signals, corresponding to red and green 
traffic light phases. Complementing these, indices such as the NL95>65 (percentage of traffic 
cycles tc when L95,tc exceeds 65 dB(A)) are proposed to underline the periodic rarefaction 
of calm periods. Finally, indices such as the NLmax>80 (percentage of traffic cycles when 
Lmax,tc exceeds 80 dB(A)) are proposed to underline periodic peaks of noise. These indices 
have been estimated successfully in [40], using the microscopic traffic model SYMUVIA. 
Finally, indices adapted from the building acoustics have been estimated in [12], such as 
the Noise Rating curves, which underline the emergent frequency bands, which reveal 
some tonality.  
 The use of the slope of the Fast Fourier Transform of the LAeq,1s evolution was proposed in 
[45] and [46] to underline the rhythm of road traffic noise (at the 1s- scale), adapted from 
works in the musical context that proved that regular spectra are associated with more 
pleasant sound environments [47]. This index has been estimated in [42], using the 
microscopic traffic model PARAMICS. The same modeling chain has been used in to 
estimate sound emergence indicators [9]. 
The main conclusion from these works is the possibility to estimate in theory any noise indicator 
within the dynamic modelling framework.  
5.  DISCUSSION 
 
The three previous sections showed the difficulty to highlight an optimal set of indicators for 
characterizing and evaluating urban sound environments. Indeed, indicators are rarely relevant for 
each of the three listed criteria. In addition, studies not necessarily converge to the same results, and 
the high correlations between indicators add some partiality in the choices made. The Table here below 
attempts to summarize the pros and cons of each listed indicator over the three dimensions of interest, 
to guide their selection. 
If the evaluation of road traffic mitigation strategies is included in the criteria, either a dynamic 
road traffic modeling is available, and almost all the indicators can be calculated, or only a static road 
traffic modeling is available, and then the LAeq appears as the default indicator choice. This is 
unfortunate since this indicator is criticized by many aspects: (i) it is not the best indicator for 
estimating sound pleasantness, (ii) it covers only the energetic dimension of noise and thus 
discriminates poorly sound environments.    
In the case when a dynamic road traffic modeling is available, or if the evaluation of road traffic 
mitigation strategies is not included in the indicator selection criteria, the choice remains open to all 
indicators. Then, LAeq can be advantageously replaced by L50,A or L50, which show higher correlations 
with sound pleasantness, and more often emerge from categorization works. These indicators should 
then be completed with indicators that reflect the other dimensions of sound environments. Both works 
on sound environment categorization and perception insist on the interest of relying on the three 
dimensions that are the energetic, the temporal, and the spectral:  
- The L50 appears as the best descriptor of the energetic dimension; 
- To deal with the dynamic range of levels encountered, σLAeq,1s and the L10-L90 proved useful in a 
categorization context, but are not often mentioned as relevant indicators in the perception 
context. Nevertheless no better alternative has been proposed yet.  
- To deal with the spectral dimension, the SGC emerged similarly from categorization works, but 
not from perceptive ones. In addition, it is criticized for is too high sensitiveness to events. 
Preferably, low frequency indicators, such the  L125 in [13], or the sound sources dedicated 
indicators TFSDmean,4kHz and TFSDmean,500Hz proposed in [34], could be of interest both for 
categorization and perception; however the possibility to estimate the two latter  ones through 
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modelling has not been proved yet. Note that in [34] he introduction of the TFSD indicators 
made the σLAeq,1s irrelevant, what could mitigate for its simple avoiding. 
In addition, the recent interest in peaks of noise estimation through dynamic road traffic modeling 
[9-48], and their known importance in a perceptive context, mitigate for their introduction in an 
“ideal” set of indicators. Then the L1,A, the MILA50+10 and the MILLF50+15, which emerged from [8], could be 
used.  
Thus, the conclusion of this state-of-the-art could be the proposal of a set of indicators that rely for 
example on: L50, σLAeq,1s , L125, TFSDmean,4kHz, TFSDmean,500Hz, L1,A, MILA50+10 and MILLF50+15. As said 
above, similar or a reduced set of indicators could of course also show similar relevance. To conclude, 
such a set of indicators, if it improves the description and understanding of sound environments, and 
permits to estimate more precisely the perceptive effects associated with a given urban sound 
environment, has in counterpart the drawback of its lack of enforceability. Its  complexity makes it 
rather inefficient as a communication tool. Thus, the next work should be the proposal of a sound 
indicator much easier to understand, based on the set of indicators from this state -of-the-art (or 
similar), but with higher enforceability. Aggregating complex noise indicators into a single 
dimensionless indicator (that varies for example from 0 to 10), which combines this set of indicators 
into one single indicator, as proposed in [49], could be an option.  
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  Physical descriptive power Perceptive descriptive power Noise mitigation 
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Leq  Highly impacted by noise peaks [4] 
 Hides the sound levels dynamics [7] 
 Same Leq value whatever the sound 
variation are [15] 
Correlated to long term health effects 
[3] 
 Estimated with Static 
modelling 
LAeq  A-weigthing often criticized for 
underestimating low frequencies at sound 
levels encountered in cities 
 A-weigthing does not fulfil perceptive 
requirements [23] 
 Estimated with Static 
modelling 
S
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ti
st
ic
a
l 
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d
ic
a
to
r
s 
L90  Describes background noise [50] 
 Low range of variation in urban context 
 Does not emerge from studies  Estimated with 
Dynamic modelling 
L50, 
L50,A 
 Good for discriminating sound 
environments [15] 
 Very good correlation with perceived 
sound intensity and sound pleasantness; 
outperforms LAeq [24] 
 Estimated with 
Dynamic modelling 
L10  Describes high noise levels [50]  Outperforms LAeq [25]  Estimated with 
Dynamic modelling 
L10-L9
0, 
L5-L95 
 Describes the amplitude of noise variation 
(Boulevard vs irregular traffic street) 
 No consensus concerning the 
perceptive effects ([24],[34],[28]) 
 Estimated with 
Dynamic modelling 
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e
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d
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σLAeq,1s  Describes the width of the sound levels 
distribution 
 Good for discriminating sound 
environments [15] 
 Assumes a normal distribution of LAeq,1s 
values 
 No consensus concerning the 
perceptive effects 
 Estimated with 
Dynamic modelling 
δLAeq,1s  Discrimination of traffic situation based on 
1-s dynamics [51], although its discriminative 
power is not proved 
 Difficult to handle and relate with 
effects 
 Estimated with 
Dynamic modelling 
Slope 
of 
1s-fft 
 Discrimination of road traffic situations 
[11] 
 In musical context acknowledged as a 
sound quality descriptor 
 Further studies required to demonstrate 
link to sound quality 
 Estimated with 
Dynamic modelling 
S
p
e
c
tr
u
m
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n
d
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a
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r
s
 
SGC  Good for discriminating sound 
environments based on their spectral content 
[15]. 
 Highly unstable. 
 No consensus concerning the 
perceptive effects 
 Estimated with 
Dynamic modelling 
TFSD
mean,4kH
z  
 Never investigated  Related to perceived birds time of 
presence [34] 
 Only appears in one paper 
 No current model 
allows its estimation 
TFSD
mean,500
Hz 
 Never investigated  Related to perceived voices time of 
presence [34] 
 Only appears in one paper 
 No current model 
allows its estimation 
Lf , 
with f  
freque
ncy of 
intere
st 
 Related to road traffic time of presence 
(f=65 Hz,125 Hz) [34] 
 Good for discriminating sound 
environments frequency content [13] 
 Spectrum described through a large number 
of indicators 
 Low frequencies and tonal components 
increase annoyance [20,21] 
 Estimated with 
Dynamic modelling 
E
m
e
r
g
e
n
c
e
s 
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d
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a
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r
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L1,A,   Good for discriminating sound 
environments based on emergences [8] 
 Never investigated  Estimated with 
Dynamic modelling 
MILA50
+10 
 Good for discriminating sound 
environments based on emergences [8] 
 Never investigated  Estimated with 
Dynamic modelling 
MILLF5
0+15 
 Good for discriminating sound 
environments based on emergences [8] 
 Never investigated  Estimated with 
Dynamic modelling 
CF  Good for discriminating sound 
environments [13]  
Based on max values so no repeatable 
measurements 
 Never investigated  No current model 
allows its estimation 
NLmax>
80 
 Good for discriminating sound 
environments in the vicinity of traffic signals 
[7] 
 Never investigated  Really specific to 
urban corridors 
NL95>65  Good for discriminating sound 
environments in the vicinity of traffic signals 
[7] 
 Never investigated  Really specific to 
urban corridors 
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